This study evaluated the vaccination response to Haemophilus influenzae type b (Hib) in malnourished pregnant women (MN), cord blood (CB) and in infants at two and six months of age for comparison with a control group (C). Twenty-eight malnourished pregnant women and 29 pregnant controls were immunized with conjugated Act-HIB® in the third trimester of pregnancy. Blood samples were collected from all before the immunization, during labor (post immunization), and from CB. All infants were immunized with Hib vaccine according to normal vaccine schedule and sera were collected at two and six months of age. Antibody levels to polyribosylribitol phosphate (PRP) were similar for both groups. Preimmunization: MN 1.94 μ μ μ μ μg/mL, C 1.68 μ μ μ μ μg/mL; post-vaccination: MN 18.53 μ μ μ μ μg/mL and C 17.55 μ μ μ μ μg/mL; in CB from MN 14.46 μ μ μ μ μg/mL and from C 17.04 μ μ μ μ μg/mL. Infants from MN and C mothers presented respectively at two months: 5.18 μ μ μ μ μg/mL and 8.60 μ μ μ μ μg/mL and at six months: MN 3.42 μ μ μ μ μg/mL and C 2.18 μ μ μ μ μg/mL.
The fetus passive immunization from the pregnant woman's vaccination was recognized in 1879 when Bukhardt demonstrated the protection of children whose mothers had been vaccinated against smallpox [1] . Some vaccines commercially available are considered safe when administered during pregnancy [2] , and provide an increase in antibody levels for the following pathogens: diphtheria, tetanus toxoids, mumps, meningococcus and Hib [2] [3] [4] [5] [6] [7] [8] [9] .
Based on these results, active maternal immunization has been proposed against other microorganisms which can cause infection in early life such as group B streptococcus (GBS), respiratory syncytial virus, pneumococcus, hepatitis B and influenza [10] [11] [12] [13] .
Some studies have shown that capsular polysaccharide vaccine PRP administered to the pregnant woman results in a significant increase in antibody concentration to PRP in the newborn [14] and in the four weeks old breastfed infant [9] , protecting them for up to six months or more, without affecting their response capacity to active immunization at two, four, six and 24 months of age [6, 8, 9, 15] .
Adequate nutrition is essential for immunocompetence, and nutritional deficiency is a frequent cause of secondary immunodeficiency globally [16] . There is evidence that a relevant percentage of Brazilian women are at risk or suffer from protein-energy malnutrition [17, 18] . Furlan at al. reported a prevalence of malnutrition during pregnancy of 27.7% [19] and Rosado observed that 39.1% of pregnant teenagers started pregnancy undernourished [20] .
Maternal malnutrition may affect placental size decreasing its functions by providing a smaller amount of nutrients to the fetal organs [21] , jeopardizing fetal growth and contributing to a greater perinatal morbidity and mortality [22, 23] .
The transplacental IgG transport involves a connection to the Fc receptor on the surface of syncytiotrophoblast [24] , however, some clinical conditions such as maternal HIV infection, malaria, prematurity and maternal hypergammaglobulinemia may interfere with this transport, but we did not observe reports of changes in the placental passage of antibodies in malnourished pregnant women [25] [26] [27] [28] [29] .
The objective of our study was to assess response to Haemophilus influenzae type b (Hib) vaccine in malnourished pregnant women (MN), and levels of these antibodies in cord blood (CB) and in infants at two and six months , comparing them to a control group (C).
Material and methods
This study was approved by the Ethical Committee on Research of UNIFESP and was developed at Santa Casa de Misericórdia do Pará, a reference center in the state of Pará for high risk pregnancies.
Twenty-eight (28) malnourished pregnant women (MN), and 29 from a control pregnant group (C) were selected at 30-34 weeks gestation after signed a term of consent. Women with high risk pregnancies as chronic diseases were excluded, also newborns with congenital anomalies.
The interviews and anthropometric assessments were carried out by the same person under appropriate conditions. To determine the nutritional state, Rosso normogram was used, as recommended by the World Health Organization (WHO) and proposed by the Ministry of Health. The monogram considers malnourished those pregnant women whose weight and height relations are below 95% in early pregnancy and 123% below the ideal weight at the final stage, using the curve of weight gain during pregnancy [30] .
A single intramuscular dose of Act-HIB® vaccine (lot 3206), Pasteur Mérieux, 0.5mL (10 mcg PRP), was administered in the deltoid region to all the women between 30 and 34 weeks of gestation. Adverse reactions were monitored during the first 24 hours and a week after immunization. All infants were immunized against Hib at two, four and six months of age.
Preimmunization (immediately before vaccination) and post-immunization (up to 24 hours after delivery) blood samples, with a minimum interval of three weeks between pre and post-immunization samples, were collected from 57 pregnant women (28 MN and 29 C) . Cord blood (CB) samples were collected from all of them. These infants were evaluated and peripheral blood samples were collected at two (17 from MN mothers and 20 from C) and six months of age (16 from MN mothers and 18 C), before the first and the third Hib vaccine doses respectively.
The blood samples were kept at -20 º C and the dosage of specific antibodies of IgG class to PRP was done using ELISA (BINDAZYME TM Anti-Haemophilus B -MK016) test. The results were analyzed using the descriptive data analyses and the following statistical tests: chi-square, repeated measures analysis of variance, Pearson's correlation, Student's t-test, all conducted through the BioEstart 3.0 software. It was considered significant when p ≤ 0.05. Levels of antibodies ≥ 0.15 μg/mL were considered protectors against infection by Hib and ≥ 1.0 μg/mL for long term protection [31] .
Results
There was a significant difference in the pregnant women's weight/height mean between the two groups when they were immunized. However, the weight of newborns did not show any difference between the two groups ( Table 1) .
The comparison of PRP antibody levels pre and postimmunization between the two gestational groups (MN and C), using repeated measured analysis of variance, did not detect any difference between them (p = 0.485) ( Table 2) .
Approximately 60% of the pregnant women presented antibody levels ≥ 1.00 μg/mL before immunization and these levels were reached for all after immunization. Even after regular immunization in infants, not everyone presented levels ≥ 1.00 μg/mL at six months old (Table 3 ) and three from the control group had levels lower than 0.15μg/mL.
We observed a moderate to strong association between the antibody concentration to PRP of post-immunized pregnant women and of the CB of group C (Pearson linear correlation = 0.583).
Applying "t" Student test for independent samples, we observed that the ratio of placental antibody transfer to PRP was 14% lower in the malnourished pregnant women group (Table 4) .
Discussion
Adequate nutrition is required for a good functioning of the immunological system. Apart from the macronutrients deficiency, subclinical deficiencies of micronutrients affect morbid-mortality related to infection, which make them possibly responsible for changes in humoral and cellular immunity [32, 34] . The difference in weight in the two groups, lower in the malnourished one, despite being taller, reinforces the classification as malnourished in this group. However, this difference did not interfere with the baby weight at birth, the most common interpretation of malnourishment during pregnancy [30, 35] .
Studies with different types of Hib vaccine have been used in pregnant women, as a safe and efficient way to provide antibodies [36] . Administration is recommended after the 30 th week of gestation [9] , as little maternal antibodies are transferred to the fetus before this period.
Although the pregnant women in both groups lived in unfavorable environments from the point of view of hygiene, we detected very low levels of pre-immunization antibodies to Hib. Approx 40% of pregnants MN and C presented IgG levels to PRP lower than 1 μg/mL, similar to those found in a group of well-nourished non immunized Brazilian women [29] . The interval between mothers' immunization and the babies deliveries was at least three weeks, sufficient for the antibody secretion and transplacental transfer [7] . Only three pregnant women from group MN and one from group C did not present an increase in the levels of antibodies to PRP postimmunization, however they already showed high levels at the time of immunization. There was an average of a ten fold increase in the mean of antibody concentration in the postimmunization in relation to the pre-immunization, including the pregnant group MN, who demonstrated a capacity for response to Hib antigens. Conjugated vaccines administered to pregnant women showed an important elevation in the antibody levels to PRP that could be a hundred times higher than the pre-vaccination values [37] probably due to the predominant induction of IgG1 antibody production, conferring a high elevation of these antibodies to newborns whose mothers were immunized [29, 36] .
In this study, pregnant group MN presented a transplacental transfer of antibodies 14% lower than the control group. Michaux et al. were the first to report that the pattern of placental antibody transfer of IgG may decrease when the level of this antibody reaches high values and that the higher maternal concentration of IgG to PRP is associated with a less efficient transplacental transfer [38] , however, we couldn't confirm this observation. There is no evidence in the literature of data concerning the tansplacental transfer of antibodies in malnourished pregnant women. One must consider that the transport of antibodies across the placenta to the fetus is an active process which requires an intact and healthy placenta. The inherent factors from the mother are the ones that contribute most to the nutritive placental insufficiency, whether through reduction of nutrients, or Table 2 . Serum levels of IgG(μg/mL) to polyribosylribitol phosphate (PRP) in malnourished pregnant women (MN) and controls (C) pre and post immunization, cord blood (CB) and in children at 2 and 6 months of age through reduction of the flux of placenta [39] . The relation between protein energy malnutrition and the baby weight at birth has been assessed since the 50's [1, 17] . Smaller contents of DNA, RNA and proteins have been shown in rats born from malnourished females by restriction of weight [40] . Infants of two months of age before the first immunization against Hib, from both groups (MN and C), presented the same antibodies levels and almost all (95%) infants had levels of antibodies above 1 μg/mL. Similar results were observed in the USA using conjugated vaccine -PRP-D in breastfed children of vaccinated mothers with PRP-T in Gâmbia [8, 9] . Both of our pregnant groups studied were of a low socioeconomic level, apparently more similar to the Gambian population than that of the USA. Maternal malnutrition in our pregnant women doesn't seem to be a limiting factor in vaccination response and in the maintenance of concentration of these antibodies in their children at 2 months of age and at 6 months after a regular vaccine schedule. There was no child in pregnant group MN with an unprotective level of Hib antibody.
At 6 months of age, before the third dose of vaccination, no difference was observed in the concentration of antibodies between groups MN and C and, more than 50% of them presented levels of protective Hib antibodies. Similar results were found by Englund JA [9] . Mulholland K. et al, observed that a greater number of children born from immunized mothers presented protective levels of antibodies to PRP, without interference with the active immunization, when compared to children born from nonimmunized mothers during pregnancy [8] . This point must be considered because it deals with a population that has been exposed to high risks of infection by Hib, especially in developing countries, when associated with the problem of malnutrition.
From birth to 6 months of age there was a decrease in the levels of antibodies to PRP in both groups; a consequence of the half-life of maternal antibodies and the lack of time for the complete immunological response to the vaccine. This study demonstrates an adequate immunological response to vaccine against Hib in malnourished pregnant women. Although the antibody concentration, was similar in the two groups, the antibody transplacental transfer to PRP was 14% lower in the malnourished group. This draws attention to the lower antibody transplacental transfer against Hib in this group who are considered at a higher risk to have low birth weight babies.
